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Table 1 Estimation results of electric network,obtained
by traditional WLS method and BRSE method
5 REABREME E5 WIS BRSE Al 46
o u, 0, / rad u, 0, / rad u; 0,/ rad
1 1.0475 -0.1658 1.0476  -0.1658 1.0478 -0.1662
2 1.0490 -0.1211 1.0490 -0.1211 1.0492 -0.1216
3 1.0304 -0.1707 1.0305 -0.1708 1.0306 -0.1712
4 1.0038 -0.1846 1.0039 -0.1846 1.0040 -0.1848
5 1.0050 -0.1640 1.0051 -0.1640 1.0052 -0.1641
6 1.0073 -0.1518 1.0074  -0.1518 1.0076 -0.1519
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Table 2 Estimation results of heat network,obtained
by traditional WLS method and BRSE method

48 WIS Al it45 51 BRSE 41145
D T./C T,/C ;s T,/C

T,/C
1 —-0.0322 99.86820 49.4911 -0.0321 99.8668 49.4907
2 00589 99.76858 49.4964 —-0.0589 99.7687 49.4970
3 -0.1855 99.68930 49.5017 —0.1854 99.6880 49.5013
4 -02827 99.61640 49.5026 -0.2826 99.6169 49.5033
5
6

-0.3703 99.53660 49.5046 -0.3702 99.5366 49.5044
-0.4494 99.44810 49.5082 -0.4493 99.4483 49.5076




5 8 A

FAHE I , 45 - I ) HE AR RE VR R B8 B R ML 22 R A A 107 125 5]

R3 AMRSLEEHEE

Table 3 True value of state variable of heat network

ik » T,/C T,/ C
1 ~0.0321 99.8679 49.4911
2 -0.0589 99.7682 49.496 5
3 -0.1854 99.6889 49.5017
4 -0.2827 99.6160 49.5026
5 -0.3702 99.5363 49.5046
6 -0.4493 99.4477 49.5082
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Table 4 Overall deviation obtained by traditional
WLS method and BRSE method
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W% RS R
fE5: WLS 1 BRSE ¥
P 1.69% 10 5.24x107
X T,/C 1.35%107 1.42x1072
T./%C 5.93x10° 6.28x 107
1 u, 8.83x 10 6.38x 107
6, /rad 3.02x 1073 3.28% 102

RS HHEWLSESBRSEFBEINRETERKRE
Table 5 Maximum deviation obtained by traditional
WLS method and BRSE method

PP AR B R R R 22
fE5 WIS i BRSE
;s 2.89x10° 4.09%x10
g2 T,/C 1.35%10° 1.42x107
T./%C 5.93%107° 6.28%107°
o u, 8.83x107 6.38%x107°
0, /rad 3.02x10° 3.28x10°
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Table 6 Total computation time and single experiment
iterations of traditional WLS method and BRSE method
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BRSE 17.22 1

42 HEMEMK
42.1 RABEKRREIBH LT 6940 £ Mtk

S A SCHE Y BRSE k1 Bt 22 VERE , 7 I #5
A IEHS M R E T 3 M AR A AR R
B EIE

(DTEIE 1AL P AT A A o 15 B
W oA RAHR Y 5 LR 4.98 %

() THIE 2 AV TR AR A . g i rh
ANREHR SN 6%,

(3)1HIE 3+ L I RO v 27 4 305 5 AH DG 1k Y
AN REE . AR I AN B R o 3%,
FRR I 5 R 6 % o

3PN T AN R BRI L A A7 R I AR D i
Do

XFLA b 3 B I 9 512k HT WLS+LNR 125 5 7 3C
$& 19 BRSE #1711, 15 2] RG0S AR 7 /) B
KA 2E 53 IR T—9 i o /e, u, p AH B3
Hbs 4 A

3RS RS O TR 45 SR AT, XY TEHS
B B — 2 L A9 ) 5 R DGR R B, AR SCHE Y
BRSE ¥R B R 4 HT 2214 , 11 WLS+LNR %% T
56 AH G PN RECHE B B BB g2, JR I A

x7 ¥ 1T WLS+LNR %5 BRSE i
BEMNRESTERARE
Table 7 Maximum deviation obtained by WLS+LNR
method and BRSE method in Case 1

K4 A PRARAS d K 22
WLS+LNR i BRSE 7=
p; 2.60x 107 4.02x10™
A T,/ 1.30x10* 1.57x10°
T./C 5.98x 10 1.56x10°°
u, 436x107 1.23x10°°

A '

0, / rad 9.55x10™ 1.59x 10
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Table § Maximum deviation obtained by WLS+LNR
method and BRSE method in Case 2
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] WLS+LNR % BRSE 7
P 5.73%102 4.81x10°
I T,/C 1.81x10™ 2.00%107
T./%C 4.01x1072 1.01x10*
- u, 9.19% 107 5.99%107°
0, / rad 2.99%107° 3.31x10°
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Table 9 Maximum deviation obtained by WLS+LNR
method and BRSE method in Case 3
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Fig.1 Estimated error of state variables of
electric network calculated by WLS+LNR

method and BRSE method
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Fig.2 Estimated error of state variables of
heat network calculated by WLS+LNR
method and BRSE method
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Fig.3 Measurement acceptance rate calculated of
WLS+LNR method and BRSE method under
different bad data ratios
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Fig.4 Comparison of estimated node pressures
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Fig.5 Comparison of estimated supply temperature
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Fig.6 Comparison of estimated return temperature
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Abstract: A bilinear robust state estimation method for the IEHS(Integrated Electricity-Heat System) is pro-
posed. Firstly,a linear WLAV (Weighted Least Absolute Value) model for IEHS is constructed by introdu-
cing auxiliary variables, and then the estimated value of the state variables is obtained by a nonlinear
transformation and a quadratic programming model solving. The proposed method has better recognition abil-
ity for strongly correlated multiple bad data, and it doesn’t need to perform nonlinear iteration,so it has
high computational efficiency. Finally, the effectiveness of the proposed method is verified on the estab-
lished test system for IEHS.
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Fig. A1 Temperatures associated with each node
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Fig.A3 Representation of outlet temperature of hybrid node in thermal model
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TableB1 Basic parameters of heating network

28 SHUE
ELHA C[MI (kg « KO 1] 4.182X10°
FEREAE MW (m + KD ] 2.00<10°7
IKIZERGE ol (mP - s 2.00%10°

I /[ (kg e m) /57 9.8
KEEp | (kg » m™) 1.00x10°

# B2 RMZHEF EEE

Table B2 Branch node information of heating network

SCHGE A EBRZR SRRSO KBRKEIm | RS OBR& A SRS BRKEm
1 2 1 400 11 12 11 402
2 3 2 420 12 13 12 374
3 4 3 450 13 14 13 438
4 5 4 390 14 15 14 444
5 6 5 400 15 16 15 401
6 7 6 415 16 17 16 401
7 8 7 425 17 18 17 420
8 9 8 380 18 19 18 420
9 10 9 295 19 20 19 406
10 11 10 413 1 3 20 615

W KBS ERZ DN 0.15m,
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TableC1 State estimation values of electric network

e MELEAME 15 WLS T4 BRSE fliil4iR
T Vi Oilrad Vi Oilrad Vi Oilrad
1 1.0475 -0.1658 1.0476 -0.1658 1.0478 -0.1662
2 1.0490 -0.1211 1.0490 -0.1211 1.0492 -0.1216
3 1.0304 -0.1707 1.0305 -0.1708 1.0306 -0.1712
4 1.0038 -0.1846 1.0039 -0.1846 1.0040 -0.1848
5 1.0050 -0.1640 1.0051 -0.1640 1.0052 -0.1641
6 1.0073 -0.1518 1.0074 -0.1518 1.0076 -0.1519
7 0.9967 -0.1903  0.9967 -0.1902 0.9968 -0.1902
8 0.9957 -0.1991  0.9957 -0.1990 0.9958  -0.1992
9 1.0281 -0.1960 1.0281 -0.1959 1.0282 -0.1975
10 1.0170 -0.1099 1.0170 -0.1098 1.0171  -0.1099
11 1.0125 -0.1241 1.0125 -0.1240 10126 -0.1241
12 1.0000 -0.1233 1.0000 -0.1232 1.0002 -0.1227
13 1.0142 -0.1223 1.0142 -0.1222 1.0143 -0.1222
14 1.0117 -0.1515 1.0117 -0.1515 1.0118 -0.1517
15 1.0158 -0.1589  1.0158 -0.1588  1.0159 -0.1595
16 1.0322 -0.1344 1.0322 -0.1344 1.0324 -0.1349
17 1.0339 -0.1518 1.0339 -0.1518 1.0341 -0.1521
18 1.0313 -0.1665 1.0313 -0.1664 1.0314 -0.1670
19 1.0500 -0.0537  1.0500 -0.0537  1.0501 -0.0542
20 0.9910 -0.0783  0.9910 -0.0783 0.9911 -0.0788
21 1.0321 -0.0924 1.0321 -0.0924 1.0322  -0.0928
22 1.0500 -0.0148 1.0500 -0.0148 1.0501 -0.0149
23 1.0450 -0.0183 1.0450 -0.0183 1.0451 -0.0192
24 1.0377 -0.1323 1.0377 -0.1323 1.0379 -0.1331
25 1.0575 -0.0973  1.0575 -0.0972  1.0576 -0.0979
26 1.0522 -0.1192 1.0522 -0.1191 1.0523 -0.1198
27 1.0379 -0.1543 1.0379 -0.1543 1.0381 -0.1547
28 1.0502 -0.0579 1.0502 -0.0577 1.0503 -0.0584
29 1.0500 -0.0098  1.0500 -0.0097  1.0501 -0.0102
30 1.0475 -0.0788 1.0475 -0.0788 1.0476 -0.0795
31 0.9820  0.0000  0.9831 0.0299  0.9821  0.0000
32 0.9831  0.0297 0.9972 0.0374 0.9831  0.0296
33 0.9972  0.0373  1.0123 0.0123  0.9973  0.0370
34 1.0123  0.0122 1.0493 0.0717 1.0124  0.0118
35 1.0493 0.0718 1.0635 0.1188 1.0494  0.0717
36 1.0635 0.1188 1.0278 0.0211 1.0636  0.1178
37 1.0278 0.0211 1.0265 0.1135 1.0279  0.0205
38 1.0265 0.1135 1.0300 -0.1926 1.0266  0.1130
39 1.0300 -0.1926  0.9967 -0.1902  1.0301 -0.1935
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Table C2 State estimation values of heating network

) RA & FAE &4 WLS {1145 BRSE filj 145 %
et P T4lC TalC P TdC  TiC P; TJdC  TalC
1 32136 998679 49.4911 -0.0322 99.8682 49.4911 -0.0321 99.8668  49.4907
2 58863 007682 494965 -0.0589 99.76858 49.4964 -0.0589 99.7687  49.4970
3 -185408 90.6880 495017 -0.1855 90.6893 49.5017 -0.1854 99.6880 49.5013
4 282563 99.6160 495026 -0.2827 99.6164 495026 -0.2826 99.6169  49.5033
5 370148 995363 49.5046 -0.3703 99.5366  49.5046 -0.3702 99.5366  49.5044
6  -449310 99.4477 495082 -0.4494 90.4481 495082 -0.4493 99.4483 49.5076
7 510218 99.3501 495134 -05192 99.7742 495052 -05200 99.2169  49.5464
8 572483 992557 495146 -05725 90.8140 49.6050 -05733 99.1895  49.5050
9 607232 991758 495058 -0.6072 99.7191 494419 -0.6080 99.0811 49.5143
10 -64.7443 990529 495107 -0.6474 99.4608  49.5198 -0.6483 90.2622  49.4647
11 -67.9151 989201 495152 -0.6790 99.3659  49.4955 -0.6800 98.8654  49.4698
12 -70.2464 987813 495162 -0.7023 99.4445 49.4755 -0.7033 98.8478 495203
13 -72.3372 985959 495295 -0.7232 99.4128  49.4806 -0.7241 985788 495581
14 -738048 983770 495486 -0.7387 992712  49.5343 -0.7397 98.4555  49.6509
15  -74.8698 981409 495639 -0.7485 99.0385 49.5073 -0.7494 98.0735 495375
16 -754956 07.8458 495872 -0.7547 989151 49.4794 -0.7557 97.7227 495946
17 -758647 974352 49.6345 -0.7584 989976  49.5366 -0.7594 97.3108 49.6313
18 760291 968223 497298 -0.7601 987688  49.4941 -0.7610 96.8647  49.6530
19 -760690 956479 50  -0.7605 985621 49.6076 -0.7614 95.6327  49.9824
20 0 100.0000 494236 00100 984938 495702 0.0300 99.9824  49.3529
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Table D1 Bad data setting of Case 1

ARHHENE  AREIERE  ARMERE

V23 V23/2
0523 P23 P2s/2
Q2 2X Qa3
Va4 -Va4l2
T 24 P P2l3
Qa4 Q24/2
Vs 0
74525 Pa2s P2s/2
QZS QZS/Z
P22.23 P2y.23/2
Yk 22-23
QZZ-ZS Q22-23/2
P23-24 -P23-24/2
¥k 23-24
Q2324 0
P2s.26 -P2s5.26/2
Y #% 25-26
Q2526 0
R D2 B 2 AREBKE

Table D2 Bad data setting of Case 2

ARHIEAE  AREEEYE AREERE

T, 2xT,
T, 2xT,
A2
My, 0
P, 0
13 T 2T
P, 2x P,
% D3 1B 3 WA REE R E
Table D3 Bad data setting of Case 3
RGFH  AREIEMVE AREIERY AREERE | RGN AREIEVE AREGERY ASREERE
V23 V23/ 2 Tsz 2X TSZ
Rl 23
P23 P23/2 W2 Tr2 2XTr
P24 P24/3 Mg 0
Rl 24 R
Qa4 Q24 P, 0
Vas 0 3 T 2XTs
R 25
Q2 Q25/2 P3 2XPs3
P22.23 P2y.23/2
% 22-23
Q2223 Q22-23/2
P23-24 -P23.24/2
3% 23-24
Q2324 0
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